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(54) PROCESS FOR THE PREPARATION OF CYCLIC LACTIC ACID OLIGOMERS 



(57) the object of the present invention is to provide 
a novel method for producing cycjic lactic acid qligomei^ 
at -a high yield, arid to provide a cyclic jactlc. add blir 
gbrtier produced by said method. Aodprdlng to the 
present invention, there is provided a mi^thod for prb; 
ducihg a cyclic lactic add oligomer, which cbmpiflses: 

(i) a first heating process for dehydration cbnderi- 
satidh of lactb acids by heating, which cbmpris^ 
dehydrkion condensation of lactic acids under con- 
ditions bf a.pressure and a temp^riture which allow 
^ byf^rpduct water to be rerTK>yed by djstill^t^^ 
av6idhg dlistiliation of lactides; arid 
(li) a second heating process for generating a de- 
hydi^ated condensate of lactic acid» which comprte- . 



es heating the reaction product from said first heat- 
ing process to a ternperature higher than that of the 
first heating process, redudhg the pressure to 
lOOmmHg or lower under cpnditlbns bif.a pressure 
arKl a temperature which allowiby-piroduct water to 
be removed by distilicrtipn while avoiding disU 
of lactides, arid further continuing the reaction by 
heating under the reduced pressure; as weD as a 
cyclic tadic acid orrgpnrierproduc^ 1^ saidprbduc- 
tion method. 
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Description 
TECHNICAL FIELD 

5 [obol] The present invention relates to a rnethbd for producing a cyclic lactic acid oligomer, and a cyclic lactic acid 
oligomer produced by the pr^oduction method. 

BACKGROUND ART 

10 [0002]; There is knoWn a rr^ a lacUc acid oligomer by. dehydration coridertsation reaction of lactic 

^ds underreduc^dpr^e^u!^:^^^^ 
oiigoniers/ 

[0003] As a rTi^thi)d for obtainirig cv^iic pijgomersi there is khowri a miethod which cornpHs^ during dehydration 
(»ndensati6n reactib^^ heatinii at 145^G for 3 hours under hqnrnal pressure, reducing pressure to 

. .19 l^QmrnH^, heatihg for 3 hpuii^ and then heating at 1 SS'^G for 1 .5 hours under a pressure ^ 

^ !pf 3mrnH^ (Japari^^^^^ 
[0004] lnthismetfipd/hpwe^v6r;t^^ 
irnproVOTent bhhe y^^^ 

^^P DISCLOgSU H EU FT HE i NVE^f T lbN • ^ '— [ 

[0005] The object of the present invention is to provide a novel method for producing cyclic lactic acid oligomers at 
a high yieM, and to provide a cyclic lactic add oligomer produced by said method. 

[0006] As a result of focused research to achieve the aforementioned object, the present inventors have found that 
25. a cyclic lactic acid origprnbr can be produced at a high yield by dehydration condensation reaction of lactfc acids under 
conditions ot a certain pressure and a certain temperature which allow by-product water to be removed by distillation 
while avoiding distillation of lad^ 

[0007] Thus, accordiiig to the present invention, there is pr'oyided a method for producing a cyclk; lactk: acid oligomer, 
whfch comprises: . . . - . 

30 " ' "" ■ ^''"'*,>'vy*' V" . * ' ■ .' . ■ 

(i) a first heating prbcessi . for: dehydrmion con of .l»ctb acids by heating, which comprises dehydration 
conderisatibh of iafetic ablcte and a ternperature which allow.by-product water to be 
rerhoved by distillation while :av6^^^ 

(ii) a second heating firpc^ss^^ a dehydrated condensate of lactic acid, which comprises heatiiig the 
35 reactiori product frbrh said firslt heatihg priocess to a teriiperalure higher than that of the first heating process, 

reducing the pressure to 1 0OiinrnHg br lower under conditibris of a pressure and a terhperature which a How by- 
product water tbbe rbmpved by distinatipri while avoWing distiliation of tectidies, and further continuing the reaction 
by heating undbr the redu^^ 

Preferably. lri the .first heati^ laclfc actds.are subjected to dehydration coridensatioh reaction by . 

,40 heatlngtoaternperaturepf 

process (i), lac^ cKjids are subje^ to dehydratton condensation f^ac^on by heating to a ten^r^ure ranging 
from 120'»Cto 140*P:iih<^^^^^ 

Preferably, in the second hfeatlrig probess (ii), the reaction product frorh the first heating process is heated to 
145'Cpr higher, the reaciibhpressure is reduced to lOOnrvriHg oMowbrM gidepressurization rate of O.Sto tmmHg/ 
45 mih, and the reactfon is further bohtinued under the reduced pressurb and at a tiemperature of 1 45*C or higher so 

as to generate a dehydrated condensate of lactic acid. More preferably, in the second heating process (ii), the 
reaction product from the first heating process is heated to 150"C to 16CrC, and while the reaction pressure is 
reduced to 15 to 20nrimHg at a depressurization rate of 0.5 to ImmHg/imIn, by-product water is removed by distil- 
lation while avoiding distillation of lactides, and after the reaction pressure is reduced to 1 5 to 20mmHg, the reactbn 
50 is further continued under the isanfie pressure and at a reaction temperature of 150*C to 160*C so as to generate 

a dehydrated condensate lactic add. 

Preferably, the method for producing a cydfc lactic acid oligomer according to the present invention further 
comprises: 

(Hi) a third heating pripcess for gerierating a cydic lactic acid oligomer, whfch cpnnprises cydization of a chain.lactc 
55 acid otigomer in the reaction product from said second heating process by heating under a pressure lower than 

that of said second heating prpcess. 

[0008] Preferably, in thb third heating process (ill), the reaction product from the second heating process is heated 
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at 1 50^C to 1 60*C under a pressure of 0.1 to SrtimHg. 

[0009] Accprcfing to the particularly pref en^ed embodiment of the present invehtion, there is provided a method for 
producing a cyclic lactic add olrgqmeir, Whiph comprises: 

5 (i) a first heating pr^^ Which cbniprises heiing lactic aicids to a ternperature ranging from 12P''C to UO^C 

. und^ a pressure of 
. ciistiliatldn; ^^^^^^^ 

(B) Vsfe06n^ cbrhprises heating the reactioh product frbm= said first he^g process to a 

terr^jetBtiire V 160*C, reduclrig the reaction pressiire to 15 to 20ijvnHg at a depressurlzation rate of 0.5 

10 to ImmHg/nritn, femcwing by-product water by distillation while avoiding distiitetion of laclides, and after the. readfon 

pressure is reduced to 1 5 to 20mmHg, further continuing the reaction under the same pressiure and at a reactiort 
tempemture of 150"G to 160**C so as to generate a dehydrated condensate of lactic acid; and 
(iii) a third hesiting process, which comprises cydlzing a chain lactic acid oligomer in the reaction product from 
said second heatirig process by heatiiig at 150*C to 160*C under a pressure of 0.1 to 5mmHg so as to generate 

15 a cyclic oligomer 

lOOipi In a preferreKJ embodiment of the present Invention, pyclic lactic acid oligomers are selectively produced while, 
substaritlally no chainjaclic aicid ofigbmers are produced. Preferably in this case, the ratio of cyclic lactic add ollgorners 
to tptkl lactic add pligonriers in the reaction pr^^ . 
20— 100111 ■• • /VK^folng TQi^^another fls pcK^ Dt-the.pfgsBrit invention^ tnere is provtoeoo cycuc lacitc ntnu'oifyotTtei-pii^uot? 
• by ttie method tor prod^^ a cydtc lactic acid oligomer of the present Invention. Preferably there Is provided a cyclic 
iactic md dfigor^^ 

BRIEF PESCT^^ 

• •■proi2j • 

Rgure 1 sh6w^ an Ms spectmm of th^ 
R^ure 2 ^hpws a general view p^^ 
30 ... Figure 3 shoWO 

Rgur€s 4 siic^ .. 

THE BECTiMODE FdR^^^^^ 

35 [001 3J , Ernbbdiiiiehts and methods for carrying out the present invention are descrit>ed. in.detail below. . 
[0014] the method for producing a cyclic lactic acid ol^omer of t.he present invention comprises: 

(i) a first heating process for dehydration condensation of lactic acids by heating, which cbmjarises dehydration 
condensation of lactic acids under conditions of a pressure and a temperature which allow by-product water to be 

40 renioved by distillation while avoiding distillation of lactides; and 

(ii) a second heating process for generating a dehydrated condensate of lactic acid, which comprises heating the 
rei^lri product from said first heating process to a terhperature higher than that of the first heating process, 
reducing the pressure to lOOmmHg or lower under conditions of a pressure and a temperature which allow by- 
product water to be removed by distiHation while avoiding distillation of lactides, and further continuing the reaction 

45 by heaiting under the reduced pressure. 

[001 5J The lactic acid used as a raw material in the present invention may be any one pf D-lactic add. L-leictic acid 

and bL4actic add, and these lactic acids may also be used afo^^ 

[OOiq The.first heating process In the present iriron^^^ 
50 heming iJhder cpnd^ and a ternperattrre which allow l^-product water to be rertwyed by diistillation 

whlie fiwbidlhg dlsiiatip^ of laclides. hi thie. reaction of ttie fjiiSt Heathiig proc^, by-product water gerteirated by .dehy- 

dratipn cpr^d^nsation erf lacUc acids is rerrioved by dRstiitation in order to achieye smooth progression pi the reaction, 

Eihd in this dase, a pressure and a tenr^rkture aire deterri^ined so as to avoid distillation of lactide that is a dehydrated 

condensate of 2 rholecules of lactic acid. 
55 [OOlTj the reaction pressure may be nortnal pressure or reduced pressure, and reduced pressure Is preferable. The 

reaction pressure is specifically 10 to 760mmHg, preferably 300 to SOOmrnHg, and more preferably 350 to 400mmHg. 

The reaction tenr^erature depends on pressure cond^ions, but generally Is within a range of 1 00*C to 1 SO'C, preferably 

12p*Cto146'C. 
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[0018] The reaction period of the first heating process is riot partlcuiarty limited, but is generally 3 to 12 hours, pref- 
erably 5 to 6 hours. 

[0019] A reaction product containing, as a main component, a dehydrated condensate of 3 to 23 molecules of lactic 
acid, is generated from the reaction of the first heating process. 

5 [0020] According to the method of the present invention, after completion of the first heating process mentioned 
above, in the second heating process, the reaction product Is heated to a temperature higher than the reaction tem- 
perature of the first heating process, e.g. 145"C or higher, preferably 1 50'C to 1 SO^'C, more preferably 150''C to 1 60^C 
so as to obtain oligomers having a higher average polymerization degree, and at the same time the reaction pressure 
is reduced to lOOmmHg or lower, pj-efefably 10 to SOnimHg, more preferably 15 to 20mmHg. and then dehydration 

io cohdehsatiph reaction ^ further continued. 

[0021] As in the case of the reactibrt of the first heating process, the reaction of the second heating process is carried 
out under cohditions such that allpW by-product water to be removed by distiiiatipn. but distillation of iactides is avoided, 
so as to smoothly progress th^^ 

. [0022] Rprti thi studies of the piieseyit IhyehtorSi tt^ a rate of reducing reaction pressure {depressu- 

is . ; riratlph riaexWiW^ 

nriih Ini'order to ^vbtd distil|£itiph of lactMes a increase reaction efficiencyi Thedepre^urization r^te^i^ preferably 
In a range from no lower thW o.25rrtm^ to no higher than 5mmHg/hilh, mpre prefe^^ frprn iio lower than 
OlaSmrnHg/hiiri to h^^^ rnore preferably from no lower thari OSmntlg/^^ no higher than 

3rnmHgAT)ini. and particular^ preferably from ImrnHg/min; A depressu- 

- 2 0 r i zation r a te rib wer tiia t i the r a fi^stat ed 

desl^natedpressur^e is longer, and a depres^urizatipn rat0 of 5mrhHg/mih or higher is riot pretera^^^ 
: renroved by distillation wft^^ 
tPOi^i Aher the reatoh pressu^^^ W fuither continued at this reaction 

. pressure. T^ie reaclioh^^^^ 

2S \ [0024] Therei is obtained frorfi the reai^^ of the sebond heating pr lactic ac^ ollgoriier haying an avei^ge 

polymerizatibh^degree of 3 to 36, pret^erably 3 to i^^ ratio of cyclic lactic acid pfigpme^ tp tbtat^lac^ a^^ oligomers 
in the reaction product from the second heiaiting process is generally 70% by weight or more. ar)d for. example, around 

7^ 

[0025] In a priefen-ed errijodimeht of the present invention, a third heating process carried out after completion of 
30 the aldrenrtentioned second healing prb^ The third heating process is a process where a chain lactic acid oligomer 
in the reaction prbdurt 

. siecond heating process so as to generate a. cydic. lactic acid oligomer. 

[00261 "H^e reaction pressure of the. third heating process Is preferably 0.1 to SmiirtHg, more preferably 0.25 to 
5rnmHg, still more preferably 0.5 to 3mmHg, ahd particularly preferably 0.5 to 1 mrhHg. The reaction temperature of 

35 the third heating process is preferably 145«C to IBO^C, and more preferably i50»C to 160*C. 

[0b27] The reaction is continuously performed under such pressure and temperature conditions. The reaction period 
is 3 to 12 hours, preferably 5 to 6 hours. By-product water generated in this case is also removed by distillation; In this 
case, it is preferable to avoid distillatioh of Iactides, but it is not necessary to set the depressurizdtibn rate especially 
low since almost no Iactides are cbnteuned in the r^^ 

40 [0028] The j-eaction pf.the third heating process generates a cycfic lactic acid oligomer hayirig an average polymer- 
jzatipn degree of 3 to 30, preferably 3 to 23: i^hie ratio of cycltc lactic acid oligomers to total ladtic^acld ofigorners in the 
: reaction product frorn theihird heating process Is generally 90% by weight 6r more, andpreferabhf 99% by weight or 
•rrfore. • " ••. '; . ■ .■■:/*■ ,' :■•■'•';' • ' : ■ J/^.' - ''a ■ '-. 

. [0029] The cyclic labile acid oligomer produced by the method of the present invention is eissumed to haye the 

45 following chemical stnicture: . 



.50 




(1) 



wherein m is an integer of 1 to 28, and preferably m is an integer of 1 to 19. 
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[0030] In a preferred embbdimeht of the method for producing a c^lic lactic acid oHgorher of the present invention, 
cyclic lactic add oiigoniers can selectively be produced while siibstantiany no. chain lactic add oligomers are produced. 
The temi "siibstan^iy. no chain ladic^^k^ piigorners are. produced" s used herein to mean.that the ratio of cyclic lactic 
add pUgwners to total ladlb.add o|l^^ a reaction product is dp% faiy wetghi or more, preferably 90% by weight 

.5 or ftK)re, more preferably S5^^^ 

[0031] The preserit^iiwentibh ai^ r^^!^ \^ ^ t^ic lactic add oligomer prodiicbd by the aforementioned method 
for producing a cyclic lactic £ickl of the present invention In a prefenred embodiment of the present Invention, a mixbire 
of cyclic lactic add oligonnrers substantially free of chain lactic add oUgomers can be produced/The term 'a mixture of 
cydic lactic add oligprners substantially free of chain lactic add oligomers" Is used here!" to mean that the ratio of 
10 cyclic teblic acid oligomers Ip total lactic acid oligomers in the mixture is 80% by weight or more, preferably 90%. by . 
weight or more, more prefer^ 

[0032] The nifaclure oif cyclic ladid acid pr^omiMns produced by the method of the present inverition (or a single sub- 
stance obtained by purificatiph from the' irilxture) Is. useful as a turnor cefl grpwth inhibiting agpr^t, an aritlneoplastic 
agent, a preVi^nthfd ag^ 

t5 agpnt, and the like, and the mixture can also be used for prevention and/or treatment of diabetes or diabetes compli- 
cations since it has an action of reducing blood sugar level. Moreover, the mixture of cyd'c tedic add oligomers pro- 
duced by the niethod of the present Invention (or a single substance obtained by purificatton fn>m the mixture) has an 
adion of repressing excessive appetite and promoting basal nrrctatwlism, and so 11 can be used also as a medicament 
useful fPr improvernent and/pr prevention of ad^>osis and enhancement of effects of kinesitherapy, and is also useful 

^ as H i i agent for p r om p ting gl y ct >geh ac c u n uilatl 6 n: o r .a n-agent-foT^n handng phy sical-fit n e ss . Furthcnn ore. a c y clte- 

lactic add oligomer produced by the method of the present invention is useful nbt only as a medicament, but also as 
health foods or diet su^piemerits including beverages, whidi is generally called soft drinks^ drinkable preparations; 
health f obds. specific hygienic foods, f unctbnal f opds, functipn activating foods, hutriibhal suppiementaiy foods, fiiup^ 
plerhents, feed, feed additives, an^^ 
25 [6033] The pr^eserit iFWehtiph is further^ following examples, tt is appa^^ in the art 

that mkerfais, ustaige^^ 

modified as apprpprt^ writhinithe ispiittand s^^ the examples. 

aiB^hot ihtendiedlp jln^^ 

"30 dcAmplesV'-"-" 

•Example..1J " ' ' : . - : 

[0034] lO.Og of {s)-(t):^lactk: add was placed iri a lOOnril {internal volume) eggplant-shaped flask, whteh was then 
35 set on a rotary evaporator The pressure in the flask was controlled to be 360 to 400mrnHg, a hd the flask was heated 
to 140*'C., followed by reaction at the same pressure and the saniie temperature.fpr 6 hours (the first heating process). 
By-product water generated from this readton was removed by distillation! Almost ho lactides were removed by distil- 
lation outside the ^tem under the above reaction conditions. 

[0035] Then, the reactibfi temperature was raised to 1 50 to 1 60*C, and the readton pressure w^s gradually reduced 
40 from 400mmHg to 15 tp 20mmHg over about 6 hours (depressurlzatton rate: ImmHg/mlh). At this depressurlzattori 
rate, by-produd water was rennioved by distillation, but almost no ladtdes were removed by distillation. After that, the 
pressure was maintained at 15 to 20mmHg and tiie readton was continuously perfpnmed fdr 6 hours (the second 
heating process). .; 

[0036] SiibseqUehtiyi the pressure wais reduced to 1 to SmhnHg over 30 minutes, and then the readion was contin- 
45 uously perfomied et a reaclipri tertiperature of lOO'C for 5 hours (the third heating process). 

[00371 ^^>^ cornpletipn of the read:lon, the reaction produd was analyzed and as a result, there was obtained 6.60g 
(ylekJ 85%) of cypiic oligomer hayir^ an average polymerizatipn degree of 3 to 21 .. . 

[00381 An MS sppditim of the readiipn produd obtained in Ekample 1 is shpwn in irigure 1 . A general view of NMR 
of the readipn produd pbteiried in Exarhple 1 is shown In Rgure 2, and paftN scale >^ews of Figure 2 are shown in 
so Rgures3ahd4. 

Example 2. . '/ 

[0039] tO;Og of (s)-(+)-ladlb add was placed in a 100ml (iritemal voluriie) eggplaht-shaped fjask^ which was then 
S5 set on a rotary evaporator. The pressure in the flask was controlled to be 76pmrpHg, and the flask was heated to 1 40"G, 
follpwed by reaction af the siarhe pressure and the same temperature for 10 houifs (the first heatihg process). By- 
produd water generated from this Reaction was removed by distillation. Alrnost no ladktes wei^ removed by dlstiHatton 
outside the system uiider the above reaction conditions. 
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[0040] Then, the reacilph temperature was raised to 1 50 to 1 60*C, and the reaction pressure was gradually reduced 
frorn 760mmHg to 15 tp.20mmHg oyer alwut 12 hours (depressurization rate: ImmHg/min). At this depressurization 
rate, by-product water was removed by distillation, but almost no ladides were removed by distillation. After thaii the 
pressure was rhalntalhed at 15 to aOmmHg and the reaction was cbntinuoiisly peitormed for 6. hours <the second 
5 = heatingprbcess). V . • 

[Ob4l] Subsequently, the pressure was reducedtb 1 to 3mmHg over 30 rnihifies, and then the reactio;) WBS Contin- 
uously perfonrned at a reaction temperature of i 60*C for 5 hours (the third heating process). 
[0642] After cbmpletipn of the reaction, the reaction product was aha^ed and as a result, there was obtained 6:80g 
(yield 85%) of cyd 

10 ipb43] ; An MS >^ of Xh^ n^c^ in Bca^ si^e.;^ those of the 

reaction product p^^^ 

■Exarnpie3, '. ^ ' . . •; ' ; 

15 [0044] lO.Og of (s)T(+)-lactlc acid was placed In a l OOrnl (Internal volume) eggplant-shaped f|a$k, which w^s the^ 
set on a rotary evaporator. The pressure in the fla^k was controlled to be 350 to 400mmHgi and the flask was heated 
to 140*C. followed by reaction at the same pressure and the same tentperature for 6 hours (the first heating process). 
By^produd water generated from this reaction was removed by distillation. Alrnc^ no iadWes were removed by distil- 
lation outside the system under the above reaction conditk>ns. 
-20~, — [0045]- Th^h, th e r ea cti o n te mp eiBtufe^yas-raised-t o 150 to i syc, and th e r eactiorvp r essure w as g r a d u al l y rednneri 
trohi 400mmH^ to 70mmHg over abbiit 5.5 hours (d0pressufization rate: IrfwnHgfthln). At this depres$urlza^ofi rale* 
by-productwater was removed by distillatipn, bma^bstrio lactides were removecj^ After that, the pressijre 

was maintained at 70mmHg arid the reaction was coritinuously performed for 1 0 hours (the second hpatfng process). 
[0046] Subsequently, the pressure was reduced to 1 to 3mrhHg over 70 minutes, and then the reaction was contin- 

25 uously perfoirrned at a reaction temperature of 1 60*0 for 5 hours (the third heating process). 

. [0047] After conripletion of the reaction, the reaction pioduct was Mialyzed arid as a result, there wais obtained S.BOg 
(yieid M%) of cydbpiigom 

[0048] An MS spaariim and NMR of the reaiitipn product oi?td in Example 3 weire the same a^ those of the 
reMitonpfpdyd^ . .. 

Cbrripansbri Example 1, 

[0049] Comparison Example 1 was^ 

surlzatioh rate in the secbrid heating proces^ was set tp be 5rhnriHg/min. Irj the depressurization pp^ratiorii lactides 
35 . were rernoved by distillation with by-product watei^, and as a resuit, the yield of cycrfic oligprher was decf^ea^ed to 60%. 

iNbySlTtjAL APPMCABILrtY 

[0050] According to the present inventipri, a cycfic lactic acid oligomer having an average polymerizatiori degree of 
40 3 to 3b. preferably 3 to 21 , can be produced at a high yield finorti lactic acids without using a catalyst, Moreover, a cycfc 
lactic acidoligomerprdduced bythe production method of thepresent invention Is useful as a tumor cell growth inhibiting 
agent, ahtineoplastto agent, preventwe agent against cancer rhetastasis, QOL improvihg agent for cancer patients. 
Immune activating agent, therapeutic agent for diabetes, antiobestic agent, a agent for promoting glycogen accumu- 
. latlon 6r an agent for enhancing physical frtness. Furthermore, the cyclic lactic acid oligomer is useful not only as a 
45 medlcarheht, but also as various types of health foods and diet supplements including soft drinks, drinkable prepara- 
tfons, health foods, spedfc hygienk: foods, functional foods, function activating foods, nutritional supplementary Joods, 
supplenrWnts, feed, feed additives, and the liloB. 

so Claiins 

1, A rnethod for producing a cyclic lac*ic add pligpnrier,y^ 

• (i) a first heating process fbr dehydratipin coridensatioh of lactk: acids by heating, which comprises dehydration 
55 conderisatfon of lactic acids undercondittohs of a pressure and a temperature whfch allow by-product water 

to be removed by distiltatiori while aypMing distR^^ 

(li) a second heating process for generating a dehydrated condensate of lactfc acid, which cpnnprises heating 
the reaction product from said first heating process to a temperature higher than that of thef Irst heating process. 
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redudhg the pressure to 1 0OmmHg or tower under conditions of a pressure and a temperature which allow 
by-product water to be removed by distillation while avoiding distaiation of lacUdes. and further continuihg the 
reaction by heating under the reduced pressure. 

5 . 2. the method for producing a cycFic lactfc acid oligomer according to claim 1 , wherein In the first heating process 
(i), lactic acids are subjected to dehydration condensation reaction by heating to a tenrtperature of 1 SCTC or lower 
under a pressure of 10 to 76prnrnHg. 

3. the method for producing a cyclic lactic add oligomer according to claim 1 or 2, wherein in the first heating process 
10 (ij, lackic addsa^^ subjected to dehydratibri condensation reaction by heating to a tenipe^ure ranging from 1 20<'C 

to 140*C under a prjKsure of 350 to 400mm^ 

4. Tlie method W 1 to 3rWhereih in the second 
heating pfbcess (ii), the reaction product from the first heating process fcs heMed to 145*0 or higher, the reaction 

IS pj?essure (^ reduced to lOOrmnHg pf-b at a d^ressuiization rate bf .p;5 |o ImmHg^ih^ and th^ reaclibn |s 

further continued uh at a tearhperature of 145^0 br W^ gertCTate a de^^ 

\drated condensate o^ ■*;•■ 

/ • si. fiiem^ oligomer ao^ in *e second 

is ferrioy^d by distiilatioh while avoiding dist^^ olf lactides, Etfid after this reaction pri^s^^ reduoedto 1510 
2prnrnH^, the ; reaction is further continued under Ihej same pressure and at a le^oh temperature of 1 50*.G to 
160'*C so as to generate a dehydrat^^^^ 
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6; The rhethbd for producing acyclic lactic acid ofigomeraccording to any one otclairtis 1 to 6, which further comprises: 



(ui) a third heating process for generating a cyclic lactic actd oligomer, which coniprises cydization of a chain 
lacHc acId oligomer in. the read^on product from seJd second heating process by heating under.a pressure 
30 lower than th^t of said 'Second 

: 7. the method for producing a cycle lactb acid oligomer according to claim 6, wherein in the third heating process 
(ui), the reaction product from the second hieating process fe heated at 1 50'*C to 1 6p'*C under a pressu re of 0. 1 to 
. SmmHg; 



the niethod for'producthg accede lactic acid oligorher according to claim 1^ which d^pr^ 



(i) a first heating pn>cess; Whic* COT 
under a pressure 0^350 to 4pCWftwh 
40 by dbtliiation, and avoiding distilia^^ 

(il) a second heating jDtrpcc^ss^ which: cbrnprises hieating the reaction product fronri said firkt heating process to 
* a temperature of 1 50° C to 1 SO^P, reducingi the reaction pressure to 1 5 to 26mmIHg at a depressurization raite • 
of 0.5 to 1 mmHgfrnih » rempvnrig by-^irpduc^ distillation while kvolcfihg disty^^ of ladlides , and after 

the reaction presisurei isi r^duowi to 15 to 20mmHg, further continuing the i^^^ the same pressure 

. and at a reaction ternperature of 1$P*'C to iSOX so as to generate a dehydratield c^^^^ and 
(BO a ihind heating process.^ 

said second heating process by heating at i IGOrC under a pressure (^^^^^^ 

a cyclic oligomer. 

50 9. the rhethod for producing a cyclic lactic add oligomer according to any one of ctainnis 1 to B, wherein cyclic lactic 
add oligomers are selecth^ely produced while substantially no chain laclic add oligomers are produced. 

10. The method for producing a cyclic lactic add ofigomer according to any one of claims 1 to 9, wherein the ratio of 
cydlc lactic add oWgorners to total lactic add oBgomers in the reaction product is 80% by weight or more. 

55 

11. A cyclic lactic add ofigomer produced by the method for produdng a cyclic lactic add oligomer according to any 
oneof daims 1 to 10. 
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EP 1219 617 A1 

' 12. The cycOc lactic acid oKgonier according to daim 11, which is substantially free of chain lactic acid oHgomers. 
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